Understanding the growth regulatory mechanisms in filamentous fungi is very important for the production of medicines for antifungal therapies. It is well established that Ca 2+ gradient is essential for hyphal growth and that one mechanism responsible for the Ca 2+ cellular concentration starts with the hydrolysis of phosphatidylinositol 4,5-bisphosphate (PIP 2 ) by receptor-regulated forms of phosphoinositide-specific phospholipase C (PI-PLC). In the present study the levels of calcium in Aspergillus nidulans wild type (A26) and plcA-deficient mutant (AP27) growing in a carbon source readily assimilated, as glucose or pectin a non-readily assimilated carbon source was investigated. Intracellular calcium levels in A26 were higher in the presence of glucose than in pectin, but lower in AP27 independently of the carbon source and in AP27 the vesicular calcium distribution occurred mainly at the apex of the hyphae. Delay in nuclear division was also observed if A26 and AP27 were grown in pectin presence when compared with growth in glucose. For the first time, it is demonstrated that the levels of intracellular Ca 2+ were higher when A. nidulans was growing in glucose than in a non readily assimilated carbon source as pectin. Further, it also showed that the plcA gene, although not essential, may be responsible for high-molecular weight carbon source recongnation, for the intracellular Ca 2+ levels maintenance and consequently by the nuclear division in A. nidulans.
Introduction
Calcium ions act as second messengers in the signal transduction pathways in eukaryotic organisms from fungi to humans. The key features of the Ca 2+ machinery in fungi are conserved as multicellular eukaryotes and underlie the diverse fungal physiological processes [1] . A tip-high Ca 2+ gradient is an essential requirement for polarized hyphal growth [2] and Ca 2+ channel blockers or ionophores affect the hyphal growth, morphogenesis, and branching [3] . It is known that one of the mechanisms responsible for regulating the Ca 2+ cellular concentration starts with the hydrolysis of phosphatidylinositol 4,5-bisphosphate (PIP 2 ) by receptor-regulated forms of phosphoinositide-specific phospholipase C (PI-PLC) generating two products, myo-inositol 1.4.5-triphosphate (IP 3 ) and di--acylglycerol (DAG), which are the second messengers in the control of many cell functions [4] [5] [6] . IP3 has a key role in calcium regulation as it activates the channels in the membrane-bound calcium storage vesicles, liberating the Ca 2+ ions into the cytosol, which in its turn activates the calmodulin dependent enzymes. Very little is known about the mechanisms, which coordinate morphogenesis, growth and nuclear division in fungi, mostly when they are growing in different carbon sources. Our previous results showed that two phospholipase C (E.3.1.4.3) (PLC) inhibitors delayed the first nuclear division in the A. nidulans cultures growing in the glucose presence, but stimulated it in a medium with pectin [7] . Thus, it was suggested that PLC may modulate differently the cellular signal related with the first nuclear division depending on glucose or pectin to be the carbon source present. On the other hand plcA appears to be linked to high-molecular weight carbon source sensing since wild type strain decreased nuclear division rates when cultivated in media with polypectate, whereas AP27 did not show slow nuclear duplication rates when grown on this carbon source [8] . As IP3, a product of a reaction catalyzed by PLC is also responsible for intracellular calcium regulation, the present study describes the relations of intracellular calcium levels and two carbon sources in a mutant transformed with plcA gene rupture growing in the presence of readily (glucose) or non-readily (pectin) assimilated carbon source. The re-sults show for the first time the importance of carbon source and PLC in the maintenance of intracellular calcium levels and consequently in the first stages of germination in A. nidulans.
Materials and Methods

Strains, Chemicals, Media and Growth Conditions
A. nidulans, FGSC A26 (biA1, veA1) designated A26 here and the mutant transformed with plcA gene rupture referred as AP27 [8] , which was originally FGSC A851 (pabaA1 yA2;_argB::trpC_B;veA1 trpC801) were used throughout the present study. The strains were maintained by weekly transfers onto complete medium (CM) slants as described by Vanzela and Said [9] and incubated at 30˚C for 7 days before the experiments. Cove's MM (pH 6.0) contained 0.5% (w/v) glucose or pectin as the sole carbon source and was supplemented with 0.02 µg/ml biotin for A26 or para-aminobenzoic acid (PABA) for AP27. Chlortetracycline (CTC), 4,6-diamidino-2-phenylindole (DAPI) and dimethylsulfoxide (DMSO) were purchased from Sigma Aldrich Co. (St. Louis, Mo, USA). Fluo-3-acetoxymethyl-ester (Fluo-3/AM) was from Molecular Probes, Eugene, Oregon, USA. The other chemicals, media, and reagents were either from Sigma or of an analytical grade bought elsewhere.
Analysis of Nuclear Division and Calcium Distribuition
To determine the spatial distribution of the Ca 2+ -containing organelles, the mycelium pre-grown for 30 h at 30˚C were fixed as described by Kawano and Said [10] and 100 µM of CTC were directly applied onto the hyphae [11] . To analyse the nuclear division liquid MM supplemented with glucose or pectin 0.5% (w/v) was inoculated with 10 6 conidia/mL and poured on Petri dishes containing sterile glass cover slides and incubated at 30˚C. After 8 h of incubation, the cover slides with adhered conidia and germlings were removed with tweezers and processed for microscopy. Nuclei were stained with DAPI as described by Kawano and Said [10] . Images of organellar calcium fluorescence and the nuclei were viewed under a fluorescence microscope (Axioskope) and images captured by AxioCam HRc, both from Zeiss. The results of at least three independent experiments are reported as mean ± SD.
Intracellular Ca 2+ Detection by Flow Cytometry
Intracellular Ca 2+ was determined with the Ca 2+ -sensitive fluorescence dye Fluo-3/AM, dissolved in DMSO and stored in aliquots protected from light at 4˚C. Conidia suspensions (10 6 ) from A26 and AP27 strains pre-incubated for 8 h in liquid MM containing 1 mM of ethylene glycol tetra acetic acid (EGTA), to chelate extracellular calcium, were centrifuged at 472× g for 5 minutes and resuspended in 1 mL water. Conidia and germlings were transferred to individual tubes (0.5 mL), loaded with Fluo-3/AM (25 μM) and incubated for 35 min at 25˚C. During incubation Pluronic F-127, a nonionic poliol, was added to a final concentration of 1% to facilitate dye penetration. DMSO and Pluronic F-127 were also added to the controls. Analyses were performed on a FACSCanto (BD San Jose-USA) and the FACSDiva software was used for the acquisition of 10,000 events collected for each sample on FACSArray. The Fluo-3 fluorescence was detected using a 530/30 nm filter. Two groups of cells were detected by flow cytometer; P8 cells with Fluo-3 fluorescence signal negative and P9 cells with Fluo-3 fluorescence signal positive.
Statistical Analysis
Experiments were done in duplicate or triplicate and independently repeated. The bars in the figures indicate the mean values ± standard deviation (SD). Data were statistically analyzed by one-way ANOVA followed by Bonferroni's t test and considered significantly different when P < 0.05 was obtained.
Results and Discussion
Spatial Distribution of Ca
2+
CTC fluorescence, indicating the Ca 2+ containing vesicles, was observed after 30 h of incubation in glucose or pectin. CTC fluorescence was detected in subapical hyphal region and mainly in apex of A26 strain grown in glucose (Figure 1(A) ), while in pectin the fluorescence was in all hyphal extension (Figure 1(C) ). Thus, it was suggested that the different calcium distributions dependent on the fungus growth were in glucose or pectin. On the other hand, hyphae of the AP27 mutant showed CTC fluorescence only in the apex independently of the carbon source (Figures 1(B) and (D) ). Alterations of Ca 2+ spatial distribution was also detected using CTC in Neurospora crassa when the IP3-induced Ca 2+ release was inhibited. In this condition, the tip-high Ca 2+ fluorescence disappeared and was replaced by increased Ca 2+ fluorescence behind the tip [12] . In some fungi, such as Candida albicans [13] , Saccharomyces cerevisiae [14] and Neurospora crassa [15] Ca 2+ may be released from vacuolar vesicles by IP3 activation. Herein, the obtained results demonstrated alterations in the Ca 2+ spatial distribution in AP27 strain of A. nidulans probably due the low IP3 levels as a consequence of plcA gene rupture. 
Intracellular Calcium Levels and Nuclear Division in Different Culture Conditions
Fluo-3/AM was used for the first time in A. nidulans to detect intracellular calcium by flow cytometry. In conidia and germlings of A26 incubated in media supplemented with glucose or pectin, fluorescence was detected in approximately 22% and 4% cells, respectively, while in AP27 the percentages were approximately 11 and 3.5, respectively. Thus, it was demonstrated that A26 had two times more intracellular Ca 2+ than AP27 when growing in glucose, but in pectin-supplemented media, the strains had similar values, which were about 2 to 5 times smaller than those detected in glucose presence (Figure 2) . No significant differences were detected on conidial germination when A26 or AP27 was being cultivated in pectin or glucose presence but the percentage of cells contained four nuclei was bigger in both cultures growing in glucose than those in pectin (Figure 3 ) suggesting a delay in nuclear division if A26 and AP27 mutant were grown in pectin. Muller et al. [16] reported influence of glucose concentration on nuclear mitosis, septation and tip extension rate in Aspergillus oryzae and A. niger. The authors observed that the average nuclei numbers in hyphae apical compartments were higher at increased growth rates, which also happened at the highest glucose concentration. It was also suggested that fungi may be capable of regulating the average number of nuclei to a specific growth rate. This was viewed as an adaptation which was advantageous to the organism as the necessary energy levels for nuclear division depended on the number of nuclei present. The nuclear division might be activated by plcA when glucose is available and a polymeric carbon source as pectin or polypectate would lead to an opposite response [8] . The release of calcium from the storage vesicles is regulated by IP3, one of the products generated by PLC reaction, whose enzyme in turn is product of the plcA expression what may suggeste an explaination to the low calcium levels detected when A26 or AP27 were growing in the presence of pectin and EGTA chelating agent (Figure 2) . By the present work it is clear that in A. nidulans the intracellular Ca 2+ levels depend on if the carbon source present in the culture is readily assimilated or not; Ca 2+ in turn coordinates nuclear duplication and metabolic pathways dependent on Ca 2+ . The plcA gene appears to be directly involved in the recognition of highmolecular-weight carbon source [8] . In a possible regulatory mechanism the plcA gene would be activated in glucose presence, PLC would hydrolyze PIP2 generating IP3 and DAG what would keep the Ca 2+ levels, but if a high-molecular-weight carbon urce as pectin was in the so medium the plcA gene would be not activated conesquently the low Ca 2+ levels would be not enough to realize the nuclear duplication and others activities at same rate observed in glucose. In AP27 mutant when PLC inhibitors spermine and C48/80 were used [7] and when sodium polypectate or pectin were the carbon source [8] delays were observed in nuclear duplication.
Conclusion
The results of the present study clearly showed that in A. nidulans, plcA gene and carbon source are not the unique but they are involved in maintenance of intracellular Ca 2+ levels and consequently in other functions of cellular germination as on nuclear duplication. Other experiments have to be conducted using other different carbon sources and in other fungi to investigate if this is a general mechanism of regulation.
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